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(54) METHOD FOR FORMING LIQUID CRYSTAL GAP SPACER AND MINIMAL LIQUID DROP 
DISCHARGE INSTRUMENT USED FOR METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a liquid crystal 
panel which is not affected on display by a spacer in the 
both of an effective pixel and a ineffective pixel without 
raising a cost and also which is excellent in display quality. 
SOLUTION: When a high frequency AC voltage is 
selectively applied on a piezoelectric element 1 from a 
high frequency power source control circuit so as to 
generate an ultrasonic vibration, the vibration energy is 
converged onto the fluid level of a fluid storage part 4, i.e., 
the position of a nozzle 5 by a concave lens 2. Thus 
hardening resin liquid in the fluid storage part 4 is made to 
be minimal liquid drops by the energy converted onto the 
fluid level and discharged via the nozzle 5. Then the 
minimal liquid drops are discharged at a plurality of places 
from the nozzle 5 to the position of the black matrix of a 
color filter board by head positioning control and, after 
that, the hardening resin liquid is hardened. Thus the liquid 
crystal gap spacer is formed in the black matrix being the 
area other than the effective pixel. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] ~~~~ — — 

[Claim 1] Carry out opposite arrangement of the substrate of a pair through the spacer for liquid 
crystal gaps, and it faces enclosing liquid crystal between the substrates of this pair, and 
manufacturing a liquid crystal panel. It is the approach of forming said spacer on one substrate of 
the substrates of said pair, the last process which carries out opposite arrangement of the 
substrate of said pair — it is Ultrasonic energy is converged on the oil-level front face of the 
liquid which consists of a formation material of said spacer on one [ said ] substrate. The 
formation approach of the spacer for liquid crystal gaps characterized by breathing out a minute 
drop in the predetermined location on one [ said ] substrate by the ink jet method through a 
nozzle, and making it harden with the energy which converged on this oil-level front face. 
[Claim 2] The formation approach of the spacer for liquid crystal gaps according to claim 1 
characterized by the diameter of said minute drop being 1 0 micrometers or less. 
[Claim 3] Carry out opposite arrangement of the substrate of a pair through the spacer for liquid 
crystal gaps, and it faces enclosing liquid crystal between the substrates of this pair, and 
manufacturing a liquid crystal panel, the last process which carries out opposite arrangement of 
the substrate of said pair — it is It is minute drop regurgitation equipment which carries out the 
regurgitation of the liquid which consists of a formation material of said spacer on one substrate of 
the substrates of this pair to the predetermined location on one [ this ] substrate by the ink jet 
method. Minute drop regurgitation equipment characterized by having the liquid reservoir section 
which stores the liquid which consists of a formation material of said spacer, the nozzle arranged 
near the oil level of this liquid reservoir section, and the ultrasonic generating section which 
countered said liquid reservoir section side with said nozzle, and has been arranged. 
[Claim 4] Said ultrasonic generating section is minute drop regurgitation equipment according to 
claim 3 characterized by having an ultrasonic vibrator and the acoustic lens with which said nozzle 
side of this ultrasonic vibrator was equipped. 



[Translation done.] 
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1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED D ESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] this invention — for example, It is related with the minute drop 
regurgitation equipment used for the formation approach of the spacer for liquid crystal gaps of a 
liquid crystal panel and this approach which are used for Personal Digital Assistants, such as a 
personal computer and a cellular phone. 
[0002] 

[Description of the Prior Art] As the manufacture approach of the conventional liquid crystal 
panel, drawing 6 is referred to. For example, first While forming an optical element 12 for coloring 
like a color filter etc. on one glass substrate 10 of the glass substrates 10 and 1 1 of the pair which 
is a transparent insulating substrate It is TFT (thin film transistor) on the glass substrate 1 1 of 
another side. The component [ like ] 13 for a liquid crystal drive is formed, and subsequently to the 
optical element 12 for coloring, while forming a transparent electrode 14 and the orientation film 
15, a transparent electrode 16 and the orientation film 17 are formed also in the component 13 for 
a liquid crystal drive. 

[0003] To a degree For example, all over the glass substrate 10 side with which a transparent 
electrode 14 and the orientation film 15 were formed Usually, about 3-10-micrometer silica, 
Alumina, the particle of the shape of the shape of a real ball which consists of synthetic resin etc., 
and a cylinder is distributed as a spacer 18. Subsequently A spacer 18 is minded for the glass 
substrates 10 and 1 1 of a pair in the condition of having made transparent electrodes 14 and 16 
countering, and it is superposition, A liquid crystal panel is constituted by enclosing liquid crystal 
19 with the gap of the glass substrates 10 and 1 1 of a pair in this condition. In addition, in drawing 
6 , the signs 20 of a light guide plate and 21 are [ a polarizing plate and 22 ] back lights (cold 
cathode tube). 

[0004] In the liquid crystal panel manufactured as mentioned above In order that 
transparency/protection-from-light condition may change with display conditions in an effective 
picture element part When a spacer 18 is formed for a transparent and colorless material, It is 
observed as the luminescent spot at the time of protection from light, Again, When a spacer 1 8 is 
colored black, it will be observed as a sunspot at the time of transparency, There was a problem 
that display grace fell. [0005] Then, in order to solve such a problem JP,61-173221,A With JP,2- 
223922,A After performing orientation processing on the orientation film Photosensitive polyimide 
and a photoresist are applied, The approach of forming the spacer which subsequently consists of 
polyimide or a resist by exposing through a mask in addition to an effective picture element part is 
proposed., [0006] moreover JP,3-94230,A the approach of fixing a bead spacer on the protection- 
from-light layer of fields other than an effective picture element part states — having — **** — 
in addition The approach (refer to JP,63-237032,A, JP,3-184022,A, and JP,4-122914,A) of using 
the big black matrix of thickness as a spacer, the approach (refer to JP,63-82405,A) of using the 
piled-up coloring resist as a spacer, the approach (refer to JP,63-237032,A) of forming a coloring 
pattern also on a black matrix and using as a spacer, etc. are proposed. 
[0007] 

[Problem(s) to be Solved by the Invention] However, since each is an approach using 
photolithography in the formation approach of the spacer for liquid crystal gaps proposed by each 
above-mentioned official report An expensive exposure machine is required, It is installation of wet 
process, such as development, again, There is a problem of a production line becoming long and 
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causing enlargement of equipment., 

[0008] moreover an orientation film top, such as polyimide film which performed orientation 
processing by the rubbing approach etc., — direct, Photosensitive polyimide, a photoresist, etc. 
are applied, since after exposure needs to remove the unnecessary section with a solvent etc. 
this removal process, the orientation processing state given to the above-mentioned orientation 
fi | m remarkable — contamination, We are anxious about the orientation of the liquid crystal 
which may break and was poured in into the liquid crystal cell becoming uneven. 
[0009] Without this invention is made in order to cancel such un-arranging, and it causes a cost 
rise It aims at offering the minute drop regurgitation equipment used for the formation approach of 
the spacer for liquid crystal gaps and this approach of manufacturing the liquid crystal panel 
excellent in the display grace which does not have the effect of [ on the display by the spacer ] in 
both an effective picture element part and an un-effective picture element part., 
[0010] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, invention 
concerning claim 1 Opposite arrangement of the substrate of a pair is carried out through the 
spacer for liquid crystal gaps, it faces enclosing liquid crystal between the substrates of this pair, 
and manufacturing a liquid crystal panel. It is the approach of forming said spacer on one substrate 
of the substrates of said pair, the last process which carries out opposite arrangement of the 
substrate of said pair — it is Ultrasonic energy is converged on the oil-level front face of the 
liquid which consists of a formation material of said spacer on one [ said ] substrate. It is 
characterized by breathing out a minute drop in the predetermined location on one [ said ] 
substrate by the ink jet method through a nozzle, and making it harden with the energy which 
converged on this oil-level front face. 

[001 1] Invention concerning claim 2 is characterized by the diameter of said minute drop being 10 
micrometers or less in claim 1. Invention concerning claim 3 carries out opposite arrangement of 
the substrate of a pair through the spacer for liquid crystal gaps, it faces enclosing liquid crystal 
between the substrates of this pair, and manufacturing a liquid crystal panel, the last process 
which carries out opposite arrangement of the substrate of said pair — it is It is minute drop 
regurgitation equipment which carries out the regurgitation of the liquid which consists of a 
formation material of said spacer on one substrate of the substrates of this pair to the 
predetermined location on one [ this ] substrate by the ink jet method. It is characterized by 
having the liquid reservoir section which stores the liquid which consists of a formation material of 
said spacer, the nozzle arranged near the oil level of this liquid reservoir section, and the 
ultrasonic generating section which countered said liquid reservoir section side with said nozzle, 
and has been arranged. 

[0012] Invention concerning claim 4 is characterized by equipping said ultrasonic generating 
section with an ultrasonic vibrator and the acoustic lens with which said nozzle side of this 
ultrasonic vibrator was equipped in claim 3. 
[0013] 

[Embodiment of the Invention] Hereafter, an example of the gestalt of operation of this invention is 
explained with reference to drawing. An explanatory view for an explanatory sectional view for 
drawing 1 to explain the minute drop regurgitation equipment by the ink jet method which is an 
example of the gestalt of operation of this invention, and drawing 2 to explain the formation 
approach of the spacer for liquid crystal gaps of having used the minute drop regurgitation 
equipment of drawing 1 , drawing 3 - drawing 5 are the explanatory sectional views for explaining 
the gestalt of other operations of minute drop regurgitation equipment. 
[0014] With the gestalt of this operation, the regurgitation of the liquid which consists of a 
formation material of a spacer is carried out to the field by the side of the glass substrate 10 with 
which a transparent electrode 14 and the orientation film 15 were formed by the ink jet method 
using minute drop regurgitation equipment in the last process which carries out opposite 
arrangement of the glass substrates 10 and 1 1 of a pair explained by drawing 6 . Moreover, the 
optical element 12 for coloring prepared on the glass substrate 10 has red (R), green (G), and the 
liquid crystal picture element part of three blue (B) colors, and each picture element part is divided 
by the black matrix 20 which has protection-fronrHight nature and hydrophobicity, as shown in 
drawing 2 . 

[0015] Minute drop regurgitation equipment is equivalent to the head of an ink jet printer, and as 
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shown in drawing 1 , it is equipped with the piezoelectric device 1 as an ultrasonic vibrator which 
constitutes the ultrasonic generating section. Both sides of a piezoelectric device 1 were equipped 
with the electrode (not shown), the concave lens (acoustic lens) 2 has pasted the discharged liquid 
object supply side, predetermined spacing is maintained at the concave surface side of this 
concave lens 2, a nozzle plate 3 is arranged, and the liquid reservoir section 4 is formed in the 
space between this nozzle plate 3 and a concave lens 2. 

[0016] The core of the hole-like nozzle 5 and concave lens 2 as a liquid which consist of a 
formation ingredient of the spacer for liquid crystal gaps and which the firm gas of the 
hardenability resin liquid was carried out, and were formed in the nozzle plate 3 is set to the liquid 
reservoir section 4 so that it may be arranged on the same axle. In addition, if the liquid reservoir 
section 4 is supplied and hardenability resin liquid is carried out, it is ultraviolet curing mold epoxy 
system optical plastics liquid, for example, Although ultraviolet curing mold acrylate optical plastics 
liquid, various heat-curing mold optical plastics liquid, etc. are employable, it is not necessary to 
limit to especially optical plastics. 

[0017] And if RF alternating voltage is alternatively impressed to a piezoelectric device 1 from a 
RF power control circuit (not shown) and supersonic vibration is generated The vibrational energy 
converges on the oil-level front face of the liquid reservoir section 4, i.e., a nozzle location, with a 
concave lens 2. By this The minute drop (at the gestalt of this operation, the diameter of a drop is 
10 micrometers or less preferably less than 18 micrometers) of hardenability resin liquid carries 
out the regurgitation through a nozzle 5 with the energy which converged on the oil-level front 
face. 

[0018] And by breathing out a minute drop from a nozzle 5 at two or more places in the location of 
the black matrix 20 of the field by the side of a glass substrate 10, and stiffening hardenability 
resin liquid after that by the point to point control of a head, with reference to drawing 2 The 
spacer 30 for liquid crystal gaps is formed in the black matrix 20 which are fields other than an 
effective picture element part. Subsequently With reference to drawing 6 , a spacer 30 is minded 
for the glass substrates 10 and 1 1 of a pair in the condition of having made transparent electrodes 
14 and 16 countering, and it is superposition, A liquid crystal panel is constituted by enclosing 
liquid crystal 19 with the gap of the glass substrates 10 and 1 1 of a pair in this condition. [0019] 
By the way, it is known that the diameter of a drop (diameter) breathed out from a nozzle from the 
focusing supersonic-wave theory (an ultrasonics handbook, Nikkan Kogyo Shimbun, p171) will be 
determined by following the (1) formula. 
d=2.44 LC/Df — (1) 

d: the acoustic velocity in the diameter of energy focusing, Lfocal distance, and Ciliquid, and D: 
The diameter of a lens, and f: drive frequency — here, The discharged liquid drop diameter is 
carrying out proportionally [ linearity ] at the diameter d of energy focusing, and the multiplier is 
about 0.3 experientially. It follows, A discharged liquid drop diameter in case the diameter d of 
energy focusing is 1.8mm is set to about 0.6mm. [0020] Namely, a focal distance L and acoustic 
velocity C in liquid If the diameter D of a lens is decided, after that, the diameter of a drop will be 
determined only by drive frequency. When L (focal distance) / D(diameter of lens) = 1, and C are 
temporarily made into the 1500m [/s ] acoustic velocity of water, what is necessary will be just to 
drive a piezoelectric device by 220MHz at 1 10MHz and the drop of 5 micrometers of diameters to 
carry out the regurgitation of the drop of 1 0 micrometers of diameters. Thus, since it is made to 
carry out the regurgitation of the liquid which consists of a formation ingredient of a spacer by the 
ink jet method with the gestalt of this operation Size does not need equipment for a loan but can 
form the spacer of the magnitude of arbitration in the location of arbitration easily. Consequently, 
it is without it causes a cost rise, Offer of the liquid crystal panel excellent in the display grace 
which does not have the effect of [ on the display by the spacer ] in both an effective picture 
element part and an un-effective picture element part can be enabled. 

[0021] Moreover, especially a minute drop with a diameter of 10 micrometers or less can be made 
to breathe out from a nozzle 5 easily by the conventional ink jet method the diameter of less than 
18 micrometers which was not able to be realized, without the drive frequency of a piezoelectric 
device 1 being influenced by controlling alternatively by the diameter of a nozzle. In addition, 
although the case of explanation where minute drop regurgitation equipment was used as an 
independent head was taken for the example for convenience with the gestalt of the above- 
mentioned implementation, it is made the same multi-head-ization and, of course, you may make it 
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attain improvement in the speed as it is performed by the printer. 

[0022] Furthermore, with the gestalt of the above-mentioned implementation, although the 
concave lens was taken for the example as an acoustic lens, it can replace with this and a Fresnel 
lens, an electronic-raster-scanning lens, etc. can be adopted. Furthermore, although the case 
where only a liquid was made to intervene between a concave lens 2 and a nozzle 5 was taken for 
the example with the gestalt of the above-mentioned implementation, the converging section 
material 7 which helps focusing of ultrasonic energy is arranged, and you may make it raise 
focusing effectiveness between a concave lens 2 and a nozzle 5 for example, as shown in drawing 
3 - drawing 5 . 
[0023] 

[Effect of the Invention] Without it causes a cost rise according to this invention so that clearly 
from the above-mentioned explanation The effectiveness that the liquid crystal panel excellent in 
the display grace which does not have the effect of [ on the display by the spacer ] in both an 
effective picture element part and an un-effective picture element part can be manufactured is 
acquired., 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRI PTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is an explanatory sectional view for explaining the minute drop regurgitation 
equipment which is an example of the gestalt of operation of this invention. 

[Drawing 2] It is an explanatory view for explaining the formation approach of the spacer for liquid 
crystal gaps using the minute drop regurgitation equipment of drawing 1 . 

[Drawing 3] It is an explanatory sectional view for explaining the gestalt of other operations of 
minute drop regurgitation equipment. 

[Drawing 4] It is an explanatory sectional view for explaining the gestalt of other operations of 
minute drop regurgitation equipment. 

[Drawing 5] It is an explanatory sectional view for explaining the gestalt of other operations of 
minute drop regurgitation equipment. 

[Drawing 6] It is an explanatory view for explaining the example of a configuration of a liquid 
crystal panel. 
[Description of Notations] 

1 — Piezoelectric device (ultrasonic vibrator) 

2 — Concave lens (acoustic lens) 

4 — Liquid reservoir section 

5 — Nozzle 

10 11 — Glass substrate 
19 — Liquid crystal 
30 — Spacer 



[Translation done.] 
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